families, 471 genera and 956 species are reported here. Of these 956 species, 583 (61.0%) are native, 321 (33.6%) non-native and 52 (5.4%) either planted or introduced and not spreading to any degree. The largest families were the Asteraceae (120 species) and the Poaceae (106 species), and the largest genera were Carex, Polygonum and Aster. The park's current flora is analyzed by habitat and four plant communities are described and discussed. Most of the extant plant species diversity occurs in two habitats: 255 species were found primarily in the woodland community, and 288 species usually occurred in the grassland/ meadow community. According to current criteria in New York, 27 native species collected in 1994-98 are considered uncommon, rare, threatened or endangered in the state. The most pernicious non-native species that occur in PBPK are: Acer platanoides, Alliaria petiolata, Ampelopsis brevipedunculata, and Rhamnus frangula. The future of the remaining natural areas of Pelham Bay Park will depend upon the degree biologists make people aware of the significant plant species diversity remaining in New York City's second largest park.
1958, Kaltman 1968) . Fortunately, there still remain several natural areas representing a diversity of habitats of the region.
PBPK is mostly isolated from the surrounding communities by several large water bodies and roadways, including the Long Island Sound, Hutchinson River, and the New England Thruway ( Figure 1 ). The park is heavily used by the public from June through August, but, except for areas immediately adjacent to the water, the natural areas are not as frequently visited. The only previous extensive plant survey of PBPK was conducted in 1946-47 by Harry E. Ahles. (For a brief biography of H. E. Ahles, see Tippo 1982.) In his two-year field study of PBPK, Ahles collected 1531 specimens, eventually donating these to the New York State Museum, but his research in PBPK has only been analyzed recently (DeCandido 2001) . Ahles never published any papers based on collections he made at PBPK, and published only one paper that incorporated specimens from the Bronx (see Ahles 1951) .
Landform in PBPK was largely determined by several glacial flows during the Pleistocene Period. Evidence for these glaciers in the park is in the form of roche moutonees, rock erratics, striae and groove markings. The underlying ge- ology of PBPK is primarily metamorphic in origin and includes felsic gneisses, sillimanite schists and amphibolites, with extensive veins of quartz (Schubert 1968, Leveson and Seyfert 1969) . These rocks are classified as part of the Hutchinson River Group that is correlative with the Hartland Formation of western Connecticut and southeastern New York (Merguerian and Sanders 1993) .
Pre-historical evidence of Native American land use exists in the form of recovered Indian artifacts as well as oyster and clam middens, remnants of which can still be found today (Bolton 1922 , Kaeser 1970 . Recovered Zea mays pollen indicates that Native Americans were utilizing PBPK at least by 1175 A.D., Ϯ 100 years (Loeb 1998a (Loeb 1998b ). Other more grandscale projects, such as those undertaken by the WPA in the 1930s, changed water flow patterns through the larger salt marshes and even some of the woodlands of PBPK. From 1934 From -1948 , the New York City Department of Parks under the direction of Robert Moses made significant changes to the park by filling in the original Pelham Bay for use as a parking lot, creating Orchard Beach (Caro 1974) . Beginning in 1964, approximately 105 acres in the southern portion of the park were taken over by the Department of Sanitation and converted to a landfill (Kaltman 1968) . This site was eventually closed in the 1970s, but not before it had become the highest point in the eastern Bronx (Pons 1987) . During the last fifty years, one major roadway (the New England Thruway) has been built through PBPK, while another (the Hutchinson River Parkway) has been expanded. Today, the more serious forms of disturbance continue to be anthropogenic in nature, including intentionally set fires, abandonment of stolen cars, offtrail dirt biking and jet-skiing in the water bodies adjacent to the park. In the late 1990s, it was estimated that 28% of the PBPK was mixed deciduous woods, 24% marine, 7% salt marsh, 6% salt flats, 3% meadows and 2% shrub or scrub land (Wells 1998) . The remaining 33% of the park has been classified as developed, including golf courses, parking lots, buildings, a New York City Police Department Pistol Range and the man-made Orchard Beach (Wells 1998) . Since no comprehensive flora of PBPK had ever been published, and no systematic plant collections made in fifty years, the authors initiated the present study. Our objectives were to study the plants that H.E. Ahles collected in 1946-1947 and incorporate them into the present research; collect and identify extant plant species of Pelham Bay Park; determine the relative status of each species collected in 1994-1998 (rare, uncommon, common) ; and describe several of the more distinctive habitats in the park. By compiling these data, we hope to make it possible for future researchers to assess longterm changes in plant species diversity in PBPK and facilitate comparisons with other parks in the region.
Methods. Pelham Bay Park was sampled a minimum of two times per week, from April through August, and at least once per week in February and March, as well as September and October, from 1994 to 1998 (inclusive) for a total of at least 200 field days over five years by the senior author. The park was walked for about five hours each visit, in such a way that all areas of the park were sampled at least every other week. Voucher specimens of each taxon with collection notes were deposited at the New York State Museum in Albany in 1999. These voucher specimens have since been transferred to the Brooklyn Botanic Garden.
The plant specimens of PBPK that H.E. Ahles collected in [1946] [1947] , and now held at the New York State Museum at Albany, were examined along with his field notes for those two years (Ahles 1947 (Ahles , 1948 . Ahles spent a total of 33 days of the 1946 field season making his collections (from 10 March to 6 October) in PBPK. During 1947, Ahles did not record the specific date a species was collected, so it is not known how many total days he spent in the field that year. If the nomenclature by which a species was known and listed by Ahles in 1946-1947 has been changed, the authors made the appropriate updates to those adopted by Mitchell and Tucker (1997) and Mitchell (2000) . In one instance a paper by Lamont (1994) was consulted for information regarding a species collected by Ahles in 1946.
The species checklist of PBPK (Appendix A) presents an inventory of the vascular plants found in PBPK by H. E. Ahles in 1946-47 or for at least one season in the years from 1994-1998 with one exception (see DeCandido 1991). Appendix A includes native species, naturalized alien (non-native) species, species that have escaped from cultivation and have become established in the park, and species planted by the New York City Department of Parks and Recreation. Alien species are those not native to the northeastern United States. These are designated by a leading asterisk (*). All planted or escaped species (those not reproducing to any significant degree) are enclosed by brackets [ ]. Vascular plants are preceded by a plus (ϩ) sign if they were only collected as part of the 1994-98 survey, and not by Ahles in 1946-47. Vascular plants collected only by Ahles in 1946-47, but not collected or observed by the authors in 1994-1998 are listed in Appendix A by a leading minus (-) sign. These species are considered to be extirpated from the park. Vascular plants collected both by Ahles and during 1994-1998 have no special leading designation unless they are not native to the area.
Identification of specimens was made using DECANDIDO AND LAMONT: FLORA OF PELHAM BAY PARK 15  0  0  15  11  7   12  0  0  12  9  6   1  2  1  4  2  2   2  1  7  10  5  5   327  154  2  483  268  85   326  240  43  609  345  96   139  31  0  170  73  14   102  59  0  161  72  10   481  187  3  672  354  108   442  300  50  792  431  117   582  321  52  956  471  123   Table 2 . Statistical summary of the plant species diversity found in Pelham Bay Park in 1946 -1947 and 1994 -1998 , as well as Bronx County (1850 -2000 and New York City Gleason and Cronquist (1991) . Nomenclature followed Mitchell and Tucker (1997) the minor revisions in Mitchell (2000) . For the data analysis, subspecies and varieties were treated as full species. Clemants (1990) , the New York Flora Association (1990) and Clemants (1999) were the primary references used to verify the historical occurrence(s) of particular species in the Bronx and New York City.
In Appendix A, following the scientific name of all native and non-native species is the current status in PBPK as follows. Rare: if an herbaceous species then it must only have been present at three different sites or fewer, with no more than 25 individuals present at any one site; or, present at one site with no more than 50 total plants. If a tree or shrub, it must only have been present at six or fewer locations, with no site having more than five individuals; or present at one site with no more than 10 individuals found at that location. Uncommon: if an herbaceous species then it must have been present at four to six sites with no more than 50 individuals at any one of those sites; or present at one locality only, with no more than 100 individuals found at that site. If a tree or shrub, the species must have been present at 7 to 10 sites with no stand greater than five individuals; or, present at one site only with 15 or fewer individuals. A species was listed as extirpated if it was found during one or more field seasons, but not seen subsequently, despite several attempts at relocating plants at the site or in other likely areas of PBPK. Species that were abundant or common are not designated with any symbol on this list. Species that are indicated as planted have not been evaluated regarding their status in the park. (Mitchell and Tucker 1997, Mitchell 2000) . In addition, PBPK is one of only two sites in New York State for Lactuca floridana. New records for the park (as compared to the 1946-1947 unpublished list compiled by Ahles) number 284 species. These included 102 native species that Ahles probably overlooked, 135 non-native species, and 47 species that have been planted and are not reproducing in the park. By comparison, 142 native and 25 non-native species were collected by Ahles and not found during the course of this study. Most likely, these 167 species have been extirpated from PBPK in the last 50 years (DeCandido 2004) . A comparison of numbers of species from PBPK collected by Ahles (1946 Ahles ( -1947 (NYFA 1990) show that there have been at least 146 families of plants present in the boro, with 1511 total species. Of this species total, 988 are native (65.3%), 417 non-native (27.7%) and 106 were planted (7.0%). For all of New York City (see DeCandido et al. 2004) , 2177 species in 161 families have been found. Of these, 1357 have been native species (62.3%), 610 have been non-native species (28.0%), and 210 species were planted (9.6%).
Results
When the Ahles' flora and the present flora are combined, the families with the greatest species richness at PBPK are the Asteraceae (120 species) and the Poaceae (106 species), and the largest genera are Carex (35 spp.), Aster (18) Polygonum (18) and Panicum (15). The families in the flora (collections from 1994-98) with the greatest species richness are the Asteraceae with 45 genera and 101 species, and the Poaceae, with 48 genera and 88 species. Together, they comprise 21.8% of all genera and 23.9% of all species collected from 1994-98. Other large families are the Fabaceae (21 gen., 35 spp.), Rosaceae (15 gen., 32 spp.), Brassicaceae (18 gen., 29 spp.), Cyperaceae (5 gen., 29 spp.), Liliaceae (18 gen., 23 spp.) and the Caryophyllacaeae (11 gen., 20 spp.). The largest genera are: Carex, Polygonum (each with 16 spp.), Aster (15 spp.), Quercus (10 spp.), Eupatorium, Solidago (each with 8 spp.), and Acer, Panicum (each with 7 spp.). When extant flora was analyzed by habitat, (see Reschke 1990) , 30 species were found primarily in the maritime plant community that was periodically inundated with brackish or marine water. By comparison, 255 species occurred mostly in the woodland community including gaps within the forest; 288 species usually occurred in the grassland/meadow community; 139 species occurred in sites that have been disturbed in the recent past, such as roadsides, parking lots and areas adjacent to buildings and other structures. A further 30 species were primarily confined to freshwater riparian areas distributed throughout the park.
During the course of the 1994-1998 survey, 53 of the 326 (16.3 %) native herbaceous species (exclusive of planted species) were judged to be rare at PBPK, while 27 native herbaceous species (8.3%) were considered uncommon. For the woody species, 15 of the 116 native species (12.9%) were classified as rare, while 5 (4.8%) were considered uncommon. In all, of the 742 extant native and non-native species of PBPK, 142 (19.1%) have been judged to be rare or uncommon in the park. Another 21 species (5 native; 16 non-native) became extirpated during five years of field work in PBPK. Overall, 26 native species (5.9% of the native flora) of PBPK collected in 1994-98 are considered endangered, threatened or rare in New York State (Mitchell 2000, Young and Weldy 2003 1993) , had also established themselves in some of the natural areas of PBPK. These 19 species posed the greatest threat to natural communities in PBPK.
Discussion. The vascular flora of PBPK is composed of 956 species in 471 genera and 123 families. Compared to an unpublished flora of PBPK by H.E. Ahles in 1946-47, there were more total species, genera and families collected in 1994-1998. However, there were fewer native species collected during 1994-1998 than in the Ahles' study (Table 1 ). In the intervening years, the proportion of native plant species declined from 71.8% in 1946-47 to 55.8% in this study. As the absolute and proportional number of native species declined, the number of non-native species increased from the 187 collected by Ahles, to 300 collected in 1994-98 (Table 1) . Overall, according to Table 2 , 44.6% of all the native plant species ever collected in Bronx County were collected in 1994-1998 in PBPK. Also, 72.1% of all non-native species ever collected in Bronx County were present in PBPK in [1994] [1995] [1996] [1997] [1998] . Similarly, almost half (49.1%) of all the non-native species ever collected in New York City were collected in PBPK as part of this study.
The vegetation of Pelham Bay Park from 1994-1998 can be classified into five general plant communities based upon descriptions developed by Reschke (1990) : Maritime including intertidal marine, gravelly shores, beach and salt marsh; forest including lowland and upland woods; freshwater riparian areas; meadows/ grasslands; and wasteland/disturbed sites. Each of these habitats (except for wasteland/disturbed) contains more non-native than native species compared with the same habitat in 1946 -1947 (DeCandido 2004 . Four of these habitats are discussed below. By far, most of the species in this study came from two communities: upland forest and grasslands/meadows. MARITIME PLANT COMMUNITY. Salt marshes flourish where the Long Island Sound and the Hutchinson River estuary border PBPK. The vegetation of the low salt marsh consists primarily of Spartina alterniflora, while the high marsh is dominated by Spartina patens, Distichlis spicata and Juncus gerardii. In this marine plant community, four herbaceous species that are disappearing from many other salt marshes in southern New York State can be found: Aster subulatus, Aster tenuifolius, Limonium carolinianum and Suaeda linearis. Salt pannes are interspersed throughout the salt marsh. In these poorly drained areas, especially in the high marsh, species such as Salicornia europaea, S. perennis, Pluchea odorata, Spergularia salina, and S. rubra can be found. Although gravelly shores are fairly common at PBPK, there was no extensive beach plant community typical of the nearby north shore of Long Island as described by Lamont and Stalter (1991) . Also, no primary dune system exists at PBPK, such as found in parks on the south shore of Long Island that border the Atlantic Ocean at the Fire Island National Seashore (see Stalter et al. 1986 ).
Moving landward from the high salt marsh, one encountered a transition zone before the upland forest begins. This area is largely dominated by stands of Tripsacum dactyloides. Here also can be found Hibiscus moscheutos, Phragmites australis, Polygonum ramosissimum and Teucrium canadense. In other places, especially where the terrain is slightly elevated or the bedrock was exposed, a salt shrub and grass community is found. WOODLAND PLANT COMMUNITY. The upland forest community occurs on well-drained acidic soils beginning approximately three meters above sea level. The amount of land classified as forest in one section of the park (Hunter Island) has increased by more than 2.5 times from 1888-1984 (Loeb 1998a) . The upland woodland community in PBPK most closely resembles an Appalachian oak-hickory forest of the northeastern United States also described from other parks in New York City (Lefkowitz and Greller 1973, Loeb 1986 Many herbaceous species that are rare and uncommon within PBPK are confined to forest edges and isolated small gaps within the forest. In the latter case, the canopy gaps are often produced and maintained because of elevated, rocky areas of the forest floor overlain with thin soils. In addition, gaps are formed at PBPK when freshwater collected to form small pools within the forest, above which few trees have grown. Since these areas have been too difficult to maintain by mowing or artificial plantings, isolated havens exist for several species otherwise rare or uncommon in the park. There were also two important discoveries of plant species not known from New York State, or believed to have been extirpated in the state. One of these (Hibiscus laevis) was first seen in flower in July of 1990 (DeCandido 1991). It was subsequently extirpated due to repeated mowing of the area in the summer of 1992. The second species, Lactuca floridana, was found in the same location it was originally discovered in 1954 (see Monachino 1955) . This species was previously thought to have been extirpated in New York State.
During the course of this five-year study, a total of 21 plant species became extirpated (5 native; 16 non-native) from PBPK. The five native species were: Aster patens, Desmodium cuspidatum, Hibiscus laevis, Oenothera laciniata and Spiranthes cernua. Each of these five species had been reduced to a small population of less than three individuals when initially discovered. It was difficult to determine whether proximate or long-term factors were the decisive causes of particular native plant species extirpations. Overall, 100 of 442 (22.6%) native species identified in this study were considered rare or uncommon at PBPK (Appendix A). The majority of the native species at greatest risk of extirpation were herbaceous plants. Two factors seemed to be at work in the decline of herbaceous species: successional ecological forces and the loss of open habitat such as meadows/ grasslands to development (DeCandido 2004).
NON-NATIVE SPECIES. Compared to the 1946-1947 study of the flora of PBPK, there were 135 more non-native species collected in the park in 1994-98. Since the earlier study, significant disturbance events have affected PBPK (see Monachino 1958 , Kaltman 1968 . These included the placement of a sanitary landfill in the southern region of the park, the expansion of highways in the park and other, small-scale disturbance events such as construction of buildings or even natural area restoration efforts. In the woodlands, the most pernicious of these non-native species are: Acer platanoides, Alliaria petiolata, Celastrus orbiculatus, Lonicera japonica, Lonicera morrowii, and Rhamnus frangula. The most widespread alien species in open habitats are Ampelopsis brevipedunculata, Artemisia vulgaris, Lythrum salicaria, and Populus alba.
The flora of Pelham Bay Park is a rich assemblage of native and non-native species in one of the world's largest cities. Though much of the plant species diversity found by H. E. Ahles in 1946-47 still remains, significant changes have occurred in the last half-century. Establishing a park does not insure the preservation of its native species diversity, and may not even protect its natural areas from development. As we enter a new millennium with open space at a premium in New York City, parks represent low-cost land, where developers and city officials frequently attempt to build recreational facilities, expand highways or place water treatment facilities. At Pelham Bay Park from 1990-2001, there have been proposals for placing an ice-skating rink, bicycle paths, tennis courts, and baseball fields in natural areas. In the 21 st century, the future of the natural areas of PBPK depends on those people who believe that biologically significant habitats for plants, wildlife (and humans) must continue to exist in New York City. The degree to which biologists and educators create opportunities for people to appropriately enjoy the remaining natural areas will determine the level of popular support, and in turn, the future of natural areas in PBPK and New York City. Mitchell and Tucker (1997) with minor revisions by Mitchell (2000) . The following symbols have been used throughout the list: an asterisk (*) indicates a species non-native (alien) to northeastern United States. Brackets [ ] surrounding the scientific name indicate a species planted in the park that is not reproducing to any great degree in any natural area of PBPK. Species preceded by a plus (ϩ) sign were collected only in 1994-1998. Species preceded by a minus (-) sign were collected only by H. E. Ahles in 1946-47. Vascular plants collected in both 1946-47 and 1994-1998 are preceded by no symbol unless the species is non-native (alien).
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Immediately following the scientific name, certain plants collected in 1994-98 have been classified as rare or uncommon in Pelham Bay Park (see the Methods section for definitions of these terms). If no mention is made regarding the status of a plant, it should be considered common in the appropriate habitat. Finally, if a species is considered uncommon, rare, threatened or endangered in New York State (NYS), its rarity designation is provided (see Young and Weldy 2003 for exact definitions of these terms for New York State plants). 
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